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ABSTRACT 

Thermal polymerization of B-trans-[@PN(NHCHa)] 4 requires higher tempera- 
tures than does the thermal polymerization of [@PN(NHz)]4. Because mono, di 
and trimethylamine and ammonia are eliminated during the poJymerization, the 
resulting product cannot be well characterized. 

Attempts to further polymerize l o w  molecular weight polymers of p-trans- 
[j$PN(NHe)]4 have not been successful. It is believed that small amounts of 
water absorbed by the so l id  polymer cause partial hydrolysis at higher tem- 
peratures which result in depolymerization. 

Low molecular weight polymers have been prepared by treating p-trvs- 
[@PN(NHz)] 4 with CuSO4*H&, NiC12 and CoCl2. 
at a lower temperature when CuSO+ is present. 
low mglecular weight, approximately 3000 - 4000. 

Thermal deammoniation begins 
The resulting polymers are pf 

Reaction of p-trans-[@PN(NHz)] 4 with pyromellitic dianhydride in DMl? 
at high temperatures regults in the formation of a black insoluble solid. 
At room temperature a chloroform soluble product is formed that is believed 
to be a 1:l Condensation compound. 
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RESULTS AND DISCUSSION 

I, Polymerization of  f3-trans-[flPN(NHCH3)] 

A. Thermal Polymerization 

Thermal polymerization of fi-trans-[$PN(NHMe)] 4 requires higher 
temperatures than does the  polymerization of t h e  analagous tetraamide. 
I shows r e su l t s  obtained for  t he  thermal deamination of  [@PN(NHMe)] 4. 

Table 

TABLE I 

Thermal Polymerization of  p-trans-[@PDT(NHMe)~ 

Evolved '$ Prod. Sol. Mol. W t .  Mol. Rt .  cH3m2 
Temp. ("C) Half-Life Yld. Amine i n  CHC12 Prod. Highest cut (s) 

305 6 86 
335 2 85 
375 0.5 80 
400 0.3 73 
310 3.8 77 
350 0.5 80 

Polymerizations were car r ied  out by heating tbe  cyc l ic  tetramer 
under a stream of nitrogen. 
t i t r a t e d  with acid. 
After  completing the  deamination, the  residue was  taken up i n  chloroform and 
f rac t ions  prec ip i ta ted  with n-hexane. 
iiioiecuiar weight material. 

Evolved gas was  passed in to  water and continually 
In  t h i s  manner t h e  progress of t h e  react ion was followed. 

The first f rac t ion  contained the  highest 

Several of t he  lower molecular weight samples were examined by 
proton Nmspectroscopy. 
too broad t o  distinguish d i f fe ren t  me thy l  group environments. The broadness 
and lack of d e t a i l  o f  t h e  methyl absorption pers i s ted  a f te r  D20 exchange and 
P31 decoupling. 
r a t i o  was  too high. 
w a s  7.1/1. 
3.3/1. 
analysis.  

In  each case the  peak a t t r i bu ted  t o  methyl groups was 

It was  noted a l s o  t h a t  t he  phenyl proton t o  methyl proton 
I n  one instance t h e  phenyl proton/methyl proton r a t i o  

For a high molecular weight polymer, t h i s  r a t i o  should approach 
The low methyl content of t he  polymer was  confirmed by elemental 

Found: C, 55.26; H, 5.15; N, 15.21; P, 23.14 

The empirical formula derived from t h e  above elemental analysis  i s  C24.6H27N6P4. 
If it i s  assumed t h a t  no benzene i s  l o s t  during polymerization, then the  
@/CH3 r a t i o  i s  6.6/1. 

t 
- 2 -  



I n  order t o  determine the nature of t he  deamination products a 
run w a s  made i n  which 3.854 g of P-trans-[@PN(NHCH3)]4 was heated a t  300°C i n  
a stream of  dry helium. 
nitrogen t rap.  
l o s t  by the sample w a s  0.68 g; that  recovered i n  the  trap was 0.62 g or 92 
percent of t he  vola t i les .  
are given i n  Table 11. 

A l l  vo la t i le  products were col lected i n  a l i qu id  
"he react ion was stopped a t  the  end of  5 hours. The weight 

Results o f  mass spec t ra l  analysis  of  t h e  vo la t i l e s  

TABLE I1 
Analysis of  Thermal Deamination 

Products of B-trans-r@PN(NHCH3)] 

- Found Mole $ g. 
met hlamine 42.3 0.217 

trimethylamine 17.5 0.184 
ammonia 24.8 0.074 

d i  m e t  hylamine 11.7 0.093 

benzene 3.7 0.352 

The remaining polymeric material had a number average molecular weight qf 
2,000 as determined by VPO i n  chloroform. 
gave t h e  following resu l t s .  

Elemental analysis  of t h i s  material  

Found: C, 56.31; H, 4.79 N, 15.71; P, 23.08 

Calc'd from Mass Spec. : C, 54.95; N, 14.79 

The empirical formula calculated from the analysis  i s  C Z ~ . ~  H24.8 N6. 4p4, 
f o r  which the  @/CH3 r a t i o  i s  5.0/1. 

Apparently [@PN(NHCH3)] does not undergo a simple elimination 
The presence of dimethylamine of methylamine during thermal polymerization. 

and trimethylamine and ammonia would suggest a ra ther  complex mode o f  amine 
elimination leading t o  products which could not readi ly  by characterized. 

B. Polymerization of [fiPN(NIICHs)] 4 i n  Presence of BFR 

I n  SUI attempt t o  polymerize the  tetrakismethylamide under milder 
conditions, t h e  tetramer w a s  t reated with BF3 t o  form an adduct which upon 
heating i n  a su i tab le  solvent might eliminate CH3NH2:BF3. 
car r ied  out i n  chlorobenzene a t  100°C for 24 hours, however, upon working 
up t h e  resu l tan t  mixture no evidence w a s  found fo r  t he  formation o f  an amine 
boron t r i f l u o r i d e  adduct. 
negative resu l t .  

The react ion w a s  

The reaction was  repeated at 131" w i t h  t h e  same 
This approach therefore was  abandoned. 

- 3 -  



C. Reaction of  r$PN(NHCHS)14 with [$PNC1]4 i n  Pyridine 

I n  another attempt t o  prepare a polymer bridged by NCH3 groups, 
equimolar amoWts of J3-trans-[$PN(NHCH3)] 4 and p-trans-[flPNCl] 4 i n  pyridine was 
maintained a t  re f lux  for  72 hours, af'ter which time t h e  mixture w a s  d i s t i l l e d  
a t  reduced pressure. Pyridine hydrochloride was recovered by vacuum sublimation 

covered as pyridine hydrochloride. 
up i n  chlo#oform and f rac t iona l ly  reprecipi ta ted with n-hexane. 
spectrum b;T t h i s  material  i s  shown in  Figure 1. 
weight vas determined as 1,330 by VPO i n  CHC13. 

r w = ; I ~ u y - r s v c  ~ = ~ ~ = ~ , ~  ~f +LA m v v o < l - k l n  n h l ~ v i n a  T..TOC fh3-o Y.P- tiie rThr-m+-r 9 4 - r -  
U L L C  C & V ~ . L . L c & U ~ L  L A I I V I - L L I L  W U U  ".*UY ac.- 

The remaining residue was  readi ly  takes  
An in f ra red  

The number average molecular 

Further characterization of t h i s  product i s  now i n  progress. 

11, Polymers of p-trans-[$PN(NHz)] 

A. Coupling with fl -trans-[$PNCl] 

The poss ib i l i t y  o f  using the  la rges t  polymer obtained t o  date  as 
a prepolymer was  investigated.  We had hoped t o  couple ladders w i t h  a var ie ty  
of d i -  or t e t ra fbnc t iona l  molecules and thereby s igni f icant ly  increase the  
molecular weights. 

The f irst  attempt was made by refluxing a polymer sample (mol. 

The mixture was held at  re f lux  fo r  24 hours. 
w t .  20,900) with a stoichiometrically equivalent amount of fl-trans-[@PNCl] 
i n  methylene chloride. 
working up the  mixture a sample of amide polymer w a s  recovered t h a t  had a 
molecular weight of 1,320. 

weight of 3,380. 
product a r e  shown i n  Figures 2 and 3 respectively.  
of  t he  strong absorption peak at 1653 cm.-' has not been made; however, i n t e r -  
act ion of  the  solvent with the  polymer may have l ed  t o  the  formation of -N=CH2 
bonds which would account for  the  observed spectrum. 

After 

A similar r e s u l t  was  obtained when the  reaction 
I was m repeated, hcwever the  phcsphcnitrile apide polymer m w  had 8 molecular 

? 

Infrared spectra for t he  s t a r t i ng  material and the f i n a l  
Posi t ive iden t i f i ca t ion  

The unexpected depolymerization l e d  t o  a study of the  s t a b i l i t y  
charac te r i s t ics  o f  the  polymer. 

B. S t a b i l i t y  Studies of  p-trans-[$PN(NH& 4 Polymers 

Polymer resu l t ing  from the  thermal deammoniation of  p-trans- 
[#PN(NHz)] 4 was reflyxed i n  both anhydrous methylene chloride and reagent 
grade chloroform. Molecular weights were then determined f o r  t h e  polymer. 
Results a re  summarized i n  Table 111, also included a re  the  two runs discussed 
i n  the  previous section. 

- 4 -  



I mLJI I11 
DepG lyiile r i z at ion o f Te.c raami d.e Polyrr,, r 

1 

In i t i a l  Polymer Duration Final  Polymer 
(Mol, W t .  I Reagent of Test (Mol. W t .  ) 

6,900 
20,900 
20,900 
20,900 

HCC13 6 Hrs. 13,100 

CH2C12 24 H r s .  15,400 
C H 2 C l 2  +. 

HCC13 22 H r s .  10,200 

p-Trans-[@PNCl] 4 24 H r s .  
CH2C12 + 

p-Trans-r@P%Cl] 24 H r s .  

I n  another experiment, polymer of 20,900 molecular weight w a s  
heated i n  absence of  solvent at 300" i n  a stream of dry nitrogen. The resu l t ing  
ammonia evolution was i n  excess of -NH2 groups calculated t o  be present. 
residue, a f t e r  heating, had a molecular weight which w a s  lower than the  s t a r t i n g  
material. No c lue  
as t o  t h e  cause of degradation w a s  observed i n  the  I R  spectrum o f  t he  degraded 
polymer. It i s  probable t h a t  t he  cause of degradation i n  a l l  of these experi- 
ments i s  hydrolysis as caused by t race amounts of water. The l a t t e r  runs, 
ca r r i ed  out i n  the  absence Qf any solvent, serves t o  pinpoint t he  source of  t he  
water t o  the  polymer i tself ' .  
t o  lead  t o  depolymerization upon heating. This would account f o r  t he  excessive 
evolution of ammonia when the  polymer, containing only a small number o$' NHz 
groups, i s  reheated a t  3 0 0 ° C .  

The 

This experiment w a s  repeated a t  2 6 5 " ~  with t h e  same r e s u l t s ,  

Presumably t h e  polymer can absorb enough water 

111. Polymerization o f  p-trans-[fiPN(NH~)] 4 i n  t he  Presence of 
Transit ion Metal Salts. 

Preparation of inorganic Polymers v i a  coordination w i t h  metals 
i s  wel l  known. However, t he re  i s  essent ia l ly  no l i t e r a t u r e  on the  coordination 
of  metals with phosphonitri les.  
polymerization o f  p-trans-[@PN(NHz)] 4 i n  the  presence of  t r a n s i t i o n  metals t h a t  
tend t o  coordinate strongly with amines. Such complexes o r  polymers may serve 
two purposes. F i r s t ,  the  s te reospec i f ic i ty  o f  t he  complex may favor the  fq7- 
mation of ladder type polymers; for example, t he  polymer resu l t ing  from Cu , 
which forms square planar complexes, can be envisioned as follows. 

We have undertaken an invest igat ion of t he  
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econdly, t r ans i t i on  metal salts, act ing as Lewis acids, may 
catalyze t h e  e 
ca r r i ed  out a t  Lower temperatures. 

of ammonia so t h a t  thermal polymerizations could be 

The a b i l i t y  of such cations as h++, Ni++ ,  Co++ and Ag+ t o  form 
complexes with 4 was examined. From these metal ions square 
planar, can be formed. 

Several reactions of CuS04.H20 with p-trans-[flPN(NHz)] were 
ca r r i ed  out i n  solution and i n  a melt. From a reaction car r ied  out i n  
Chlorobenzene a t  90°C for  2 days, 90 percent of t h e  s t a r t i n g  material  was 
recovered. However, a small amount of  chloroform soluble l i g h t  g r e a  so l id  
a l so  was recovered. The inf ra red  spectrum, Figure 4, indicates  t h a t  t h i s  
material does contain the  P-N ring. In  another experiment, for  which t h e  
solvent consisted of  water and chlorobenzene, the  mixture of  CuSO+ ( i n  water) 
and t he  tetraamide ( i n  chlorobenzene) were s t i r r e d  for  seven days. 
time a so l id  formed a t  the  interface but was l o s t  during t h e  subsequent work-up. 

During t h i s  

Reactions car r ied  out i n  the  absence of solvent produced low 
molecular weight polymers. 
r a t i o  of 1:4 was heated a t  200-220' for 16 hours. The crude product was ex- 
t r ac t ed  with chloroform and a polymer o f  4,720 average MW was recovered. An 
in f ra red  spectrum of the  polymer i s  shown i n  Figure 5. The strong absorption 
a t  900 cm.-l i s  typ ica l  of many of the  polymers derived from t h e  tetraamide. 
The elemental analysis,  given below, indicates  t h a t  there  i s  approximately 
one CU++ per f ive  tetramer uni ts .  

A mixture of the  tetraamide and CUS04.Hfl i n  a 

Found: C, 51.79; H, 4.14; N, 12.64 P, 21.72; Cu, 2.12. 

Because the  analysis  does not add up t o  100 percent, when su l f a t e  and H20  a re  
included, t he  product m a y  have been p a r t i a l l y  hydrolyzed. 

The above m e l t  reaction was repeated w i t h  tetraamide aod 
CUS04.H20 i n  a mole r a t i o  of  1:2.5. 
hours. The soluble polymeric product i so la ted  by extract ion w i t h  chloroform 
had a number average molecular weight  of 3600. 
as follows. 

The mixture w a s  kept a t  240°C fo r  s i x  

The elemental analysis  w a s  

Found: C, 50.16; H, 3.81; N, 11.63; P, 21.57; Cu, 5.02. 

According t o  t h i s  analysis there  are two tetrameric uni t s '  
per Cu++, however, the  nitrogen analysis i s  somewhat low. 

In  another reaction o f  CuS04.H& w i t h  the  tetraamide (1O:l mole 
r a t i o )  ammonia evolution was first noted a t  180°, almost 30" lower than the  
thermally induced polymerization. After s i x  days a t  200°C only 37 pepcent of  
t he  ammonia expected for  complete deammoniation w a s  evolved. 
present a s  t h e  monohydrate had caused hydrolysis resu l t ing  i n  the  evolution of  
ammonla, then a greater  amount of NH3 should have been eliminated. 
resu l t ing  from t h i s  react ion was completely insoluble i n  chloroform. 

I f  t h e  water 

The polymer 

- 6 -  



I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
8 
I 
I 

Complexes Q r  polymers have a l so  been prepared by heating p,-trans- 
[6PN(NH2)l4 with CoCl2 and N i C 1 2 .  
product was obtained. 
of t h e  copper complexes. 

From both reactions a chloroform scjluble 
Infrared spectra for  these products a re  similar t o  those 

The reaction of tetraamide with AgCl i n  the  m e l t  r e s u l t s  i n  the  
formation of  an insoluble product. 

These reactions do imply t h a t  the  metals a r e  incorporated i n  the  
polymer. 
solvents  a s  "E' or ace ton i t r i l e  are  now underw8y. 

Further work on preparation o f  these complexes o r  polymers i n  such 

I V .  Reactions of p-trans-[$PN(NH2)] 

A. Reaction with Pyromellitic Tetraacid Chloride (F'MTC) 

The reaction of [@PN(N&)I4 with PMTC i n  pyridine was reported 
The only product i so la ted  from t h i s  react ion i n  t h e  Second Quarterly Report. 

analyzed very well  f o r  [@PN( NHz)] 4 .3HCl .  - 

p C1, 15.88. ' 18.55' Found: c, 43.45; H, 4.82; N, 16.go> 

Calc'd for: C2.&&P4C13: C, 43,60; H, 4.73; N, 15-45; 
P, 18.72; ci ,  16.08. 

vo polymeric product containing the pyromelli t ic acid group was isolated.  

B. Reaction with Pyromellitic Diahydride (PMDA) 

Fvir reactions were cmried 05% i~ which ET! ~ w i m o l ~ r  -x --.- amnufit nf 
PMDA w a s  reacted w i t h  the  tetraamide i n  DMF. The f irst  reaction, reported 
previously, resul ted i n  the  i so la t ion  of a material  which had a molecular weight 
of approximately 1,400. 

In an e f f o r t  t o  prepare polymers of higher molecular weight, two 
react ions were car r ied  out  a t  reflux wherein one reagent wa6 slowly added t o  the  
other.  Water, formed as a byproduct, w a s  continually removed by d i s t i l l a t i o n .  
In  both cases, a black insoluble resinous so l id  remained a f t e r  vacuum d i s t i l l a -  
t i o n  of the  DMT. The so l ids  are not readi ly  soluble i n  common organic solvents 
and appear t o  be somewhat hygroscopic. 
a r e  as follows: 

Elemental analyses of both materials 

Found: A :  C, 49.19; H, 4.82; N, 11.48; P, 12.86;[4 21.65 d i f f .  

B: C, 51.70; H, 5.44; N, 11.4; P, 12.35;rOJ 19.11 d i f f .  

Empirioal formulae for both materials a re :  fo r  (A) C4QH46.8P&O12; for  (B) ,  
C42.e 012; which can be approximated by t h e  following uni t .  



From the  reaction of PMDA with the  tetraamide i n  DMF' a t  room temperature was 
obtained a l i g h t  t an  solid,  i n  contrast  t o  those described above, t h a t  was  
p a r t i a l l y  soluble i n  chloroform. The chloroform insoluble so l id  analyzed as 
follows : 

Found: C, 48.19; H, 4.64; N, 12.44; P, 12.43; 0, 22.3 (d i f f .  ) 

Based on t h i s  analysis,  the  empirical formula i s  C*HaP&Ol4. 
soluble f ract ion,  however, walyzed as follows: 

The chloroform 

Found: C, 52.65; H, 5.47; N, 12.28; P, 17.44; [O], 12.16 (d i f f . )  

The empirical formula i s  C 3 1 -  3 H 3 ,  .oqNg. 2P4O5.4. 
mater ia l  i s  shown i n  Figure 6. 
chloroform, w a s  830. 
following 

An in f ra red  spectrum of  t h i s  
The molecular weight, determined by Vpo i n  

The soluble reaction product may be primarily the  

IiUCC 

FICOC 

It can be concluded tha t  t h e  reaction of PMDA with tetraamide r e s u l t s  i n  the  
formation of very low molecular weight polymers t h a t  are r e l a t i v e l y  insoluble 
and d i f f i cu l t  t o  characterize.  

- 8 -  



C. , Attempted Preparation o f  [@PN(NCO)l+ 

I n i t i a l  attempts t o  prepare --[jbPN( NCO)] by react ing 
[@PN(NH2)] 
and inf ra red  analysis of t he  produck suggested t h a t  koupling ha4 taken place t p  
form a low molecular weight polymer with -NHCONH- bridges. 

with phosgene was reported i n  t h e  Second Quarterly Report. Elemental 

The react ion o f  phosgene with the  tetraamide was repeated several  
tirhes under d i f fe ren t  conditions. 
low molecular weight polymer. In  no case was an isocyanate isolated.  We do not 
plan any m r t h e r  work on t h e  preparation of t h i s  der ivat ive,  

In  each case t h e  product appeared t o  be a 

D. Reaction of p-trans-[@PN(NH2)] 4 with Formaldehyde 

In  an attempt t o  prepare a monomer t h a t  would undergo low t e m -  
perature  polymerization reactions,  B-trans-[ jbPN(NHz)] 
dehyde. 
following equation. 

was  t r ea t ed  with formal- 
$'he expected react ion t o  form the  methylol d e r i v d i v e  i s  given by t h e  

The react ion was  carr ied out i n  methanol a t  re f lux  using aqueous 
A material  i so la ted  from the  reaction products gave the  following formaldehyde. 

elemental analysis.  

Found: C, 54.69; H, 6.18; N, 15.32; P, 16.97; [O], 6.84- 

A n  empirical  formula, based on t h e  above analysis,  i s  C33.3H45.2P4N7.,~09.1e. 
From t h e  analysis it i s  believed that  t he  product contains -NHCH2OCH3 groups. 
The strong absorption band a t  about 1060 cm.'l i n  t he  inf ra red  spectrum (Figure 
7 )  may be a t t r i bu ted  t o  -C-0-C-. 

The reaction w a s  repeated using paraformaldehyde as a source of 
anhydrous formaldehyde. The reaction w a s  car r ied  out i n  anhydrous methanol. 
The product recovered from t h i s  reaction analyzed s imi la r ly  t o  t h a t  of t he  
f irst  reaction. 

Found: C, 54.39; H, 6.01; N, 14.73; P, 16.15; LO], 8.72- 

The calculated empirical formula i s  C34.* H4S. 7P4% 04. 

E. Reaction of p-trans-[@PN(NH2)] 4 with 
Toluene-2, 4-Diisocyanate 

The condensation of  amines with diisocyanates i s  wel l  known. We 
have attempted t h e  polymerization of [@PN(NH2)] 
i n  an attempt t o  form the  following type of bridging groups. 

with toluene -2, 4-diisocyanate 
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xylene a p rec ip i t a t e  formed which, upon separation, 
analysis.  

Found: C, 56.40; H, 4.76 N, 18.84; 
for C15H15N5P02: C, 54.85; H, 4.62; N, 21.35; 

This material  does not melt at 3 0 0 ° C .  Molecular we 
because of i t s  in so lub i l i t y  i n  a var ie ty  o f  organic 

Upon addition of two equivalents of toluene diisocyanate t o  the  tetraamide i n  
had the  following elemental 

P, 10.70; LO), 9.30 ( d i f f , ) ,  

P, 9.42; 0, 9.78. 

ghts could not be determined 
solvents. From the  elemep- 

t a l  analysis, however, the-most l i ke ly  kit st&cture i s  the  one shown above. 
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I. A. Thermal Polymerization of j3 -transqfiPNiNHCH3)] \ 

The method used t o  thermally polymerize the  tetrakismongmethylamide 
was described i n  Liie previous Quarterly Report. Briefiy, a 3.0 g sample of t he  
mater ia l  was heated i n  a furnace under a nitrogen stream. The eff luent  gas was 
passed i n t o  water where evolved amine was t i t r a t e d  with standard acid. 

B. Attempted Polymerization o f  [$PN(NHCH3)14 i n  the Presence of BF3 

Two grams (3.29 mmoles) o f  [fiPN(NHCHa)]4 and 6.58 mmoles of  BFa.Et# 

Upon evaporation of the  solvent only s t a r t i n g  material 
i n  chlorobenzene was kept a t  100°C fo r  24 hours. 
oped during t h i s  time. 
was recovered. 

Only a s l i g h t  haziness devel- 

The reaction was repeated a t  131°C w i t h  the  same resu l t s .  

C. Reaction of  rJdPN( NHCH3 I] wi th  [ @PNC1] i n  Pyridine 

I n  50 m l  of anhydrous pyridine 3 g (4.93 mmoles) of L@PN(NHCH3)I4 and 
2.62 g (4.93 mmoles) of [@PNCl) 4 were dissolved and the  solut ion brought up t o  
re f lux  at  lI.5"C. After  72 hours the solvent was removed by d i s t i l l a t i o n  at  
reduced pressure, The residue was then t ransfer red  t o  a sublimation apparatus 
and a t  175" and 0.010 Torr a sublimate was collected.  The sublimate w a s  dis-  
solved i n  water and analyzed f o r  chloride. Five mmoles of chloride were found 
as AgC1. 

The remaining residue was taken up i n  13 m l  of chloroform and upon 
addi t ion of  pentme &ii oil separated which, idieii t r i turated,  turned t o  a solid.  
Molecular weight of  t h i s  so l id  i s  1,330 as determined by VPO i n  chloroform. 

11. Polymers of p-trans-[JdPN(NH~)] 4 

A. Attempted Coupling with B-trans-[jdPNCl] 
- 

I n  20 m l  o f  anhydrous methylene chloride 0.3090 g (0.0148 mmole) of 

During t h i s  time no ammonia evolu- 
amide polymer of  molecular weight 20,930 and 3.3093 g of [jdPNCl] 4 was refluxed 
at  39°C i n  a nitrogen sweep for  24 hours. 
t i o n  w a s  noted. The solvent was evaporated and t h e  residue taken up i n  chloro- 
form. If the re  were ng 
in te rac t ion  t h e  measured average molecular weight should have been approxi- 
mat e ly  10,000. 

A molecular weight of 1,320 was  determined by VPO. 
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B. S t a b i l i t y  Studies of p a - [ @ P M ( N H 2 ) 1  

Samples of tetraamide polymers, 20,900 MW, were refluxed i n  chloro- 
form and methylene chloride, a f t e r  which the  solvent was removed by d i s t i l l a t i o n .  
Molecular weights of t he  residue were then determined by VPO i n  chloroform. 
Results a r e  given i n  Table 111. 

111. 

f ive  

Polymerization of B--Lrans-[$PN(NH2)] 4 i n  the  Presence o f  Transition 
Metal Sa l t s  

A. Reaction with CU?' 
I 

1. In  Chlorobenzene 

Copper su l f a t e  monohydrate was  obtained by heating CuS04*5H$ for 
hours a t  110°C. To a solution of 100 m l  of  chlorobenzene and 2.0 g (3.6 

m o l e s )  of @-trans-.-[@PN(NH2)]4 was added 1.3 g (7.2 mmoles) of  CuS04*H&. 
mixture w a s  kept a t  90°C for  48 hours. 
br ight  green color during t h i s  t ime.  

The 
The chlorobenzene solut ion developed q 

After f i l t e r i n g  t h e  inorganic salts, from the  f i l t r q t e  was 
recovered 1.8 g of unreacted tetramer and approximately 0.2 g of a l i g h t  green 
s o l i d  t h a t  was soluble i n  chloroform. The infrared spectrum i s  shown i n  Figure 4. 

2. In  Chlorobenzene - Water 

A two-phase reaction was  conducted with 3.7 mmoles o fp - t r ans -  
[$PN(N&)]4 i n  100 m l  of chlorobenzene and 3.4 m o l e s  of CuS04*5H& i n  100 m l  
of water. The two-phase mixture was s t i r r e d  f o r  one week a t  90 - 95°C. During 
t h i s  period the  organic layer  developed a green color and a fiberous material  
appeared a t  the  interface.  This material was  soluble i n  chloroform but was 
destroyed by excessive heating while attempting a pur i f ica t ion .  

3. Melt Reactions 

One gram (1.8 moles) of p-trans-[$PN(NH2)] 4 w a s  intimately 
mixed with 1.82 g (10.3 mmoles) of cUS040H20 and heated t o  200°C. 
was maintained a t  200-220°C for  sixteen hours a f t e r  which it was washed with 
chloroform. The l i g h t  green so l id  i so la ted  from t h e  chloroform, 0.79 g, had 
a molecular weight of 4720 as determined by VPO. 

The mixture 

1 
The melt react ion was repeated using 3.0 g (5.4 m o l e s )  of  t e t r a -  

amide and 1.82 g (2.2 m o l e s )  o f  CuS04*H20. 
s i x  hours. 
molecular weight of 3600. 

The mixture w a s  kept a t  240°C f o r  
Chloroform soluble product recovered from t h i s  reaction had a 

In  a t h i r d  reaction 3.0 g (5.4 m o l e s )  of  the  tetraamide and 
9.63 g (54.5 mmoles) of cUSO4-H2O were heated t o  200°C. 
over the  mixture was  passed in to  water and t i t r a t e d  with standard acid. 
Ammonia evolution w a s  f irst  observed a t  1 8 0 " ~ .  
h.04 mmoles of NH3 w a s  measured. 
mixture was  insoluble i n  chloroform, 

A nitrogen sweep 

After s i x  days a t  200°C only 
The product obtained from t h i s  react ion 
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I 
8 

B. 
++ 

Reaction w i t h  Co 

Anhydrous CoC12 was prepared by heating CoC12*6H& fgr s i x  hours a t  
A mixture of 1.5 g (2.7 m o l e s )  of tetraamide and ljO" i n  an HC1 atmosphere. 

0.38 g (2.9 moles )  of CoC12 was heated fo r  seven hours a t  210-240°C. The 
ammonia evolved, 4.0 moles,  was measured by t i t r a t i o n  w i t h  standard acid. 
By extract ion with CHC13, 1.4 g of a blue s o l i d  w a s  i solated.  
ana lys i s  i s  as follows: 
Found: 

Elementgl 

C, 59.82; H, 4.22; N, 12.76; P, 21.46; C1, 3.23. 

C. 
+ 

Reaction with Ag 

In  a reaction tube, 1.5 g (2.7 m o l e s )  of tetraamide and 0.8 g (5.4 
m o l e s )  o f  AgCl were mixed and heated a t  230°C fo r  seven hours. 
time 3.7 m o l e s  of NHa was evolved. The grey so l id  t h a t  w a s  formed was in- 
soluble  i n  chloroform and other common solvents. 
following resu l t s .  
Found: 
No fur ther  characterization was made. 

During t h i s  

Elemental a l a lys i s  gave t h e  

C, 22.77; H, 2.05; N, 7.63; P, 12.05; C1, 12.09. 

++ 
D. Reaction with N i  

Two grams (3.6 m o l e s )  of tetraamide and N i C 1 2  (0.46 g, 3.6 mmoles) 
During t h i s  period, 

A gold colored chloroform soluble product was 
were mixed intimately and heated a t  230°C fo r  t en  hours. 
4 .1  m o l e s  of "3 was evolved. 
recovered. 
C, 53.39; H, 4.43; N, 12.85; P, 21.79; C1, 2.48. 

Elemental anqlysis gave t h e  following: 

I V .  Reactions of p-trans-[@PN(NH~)] 4 

A. Reaction with PMDA 

I n  each of the  react ions car r ied  out 2.0 g o f  tetraamide was  t r ea t ed  
w i t h  an equivalent amount of PMDA. Reactions a t  the  re f lux  temperature of  D W  
were conducted by slowly adding one of the  reagents t o  the  other while d i s t i l l i n g  
of f  a mixture of by-produced water and DMF. After  refluxing fo r  several  hours 
solut ions were f i l t e r e d  and the  f i l t r a t e  evaporated t o  dryness a t  reduced 
pressure. The black residue obtained i n  t h i s  w a y  w a s  insoluble i n  a l l  organic 
solvents t r i ed .  

For t h e  react ion car r ied  out a t  room temperature no attempt w a s  made 

Upon evaporation of DMF a t  reduced pressure 
t o  remove the  water t h a t  formed. 
so lu t ion  did not t u rn  deep brown. 
a s o l i d  was obtained. 
Elemental analyses are given i n  the Discussion Section. 

Contrary t o  the  previous experiments t h e  

The so l id  was only p a r t i a l l y  soluble i n  chloroform. 
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B. Reaction w i t h  Formaldehyde 

I n  methanol, 3.6 m o l e s  of [@PN(&)]4 w a s  t r ea t ed  w i t h  an excess of 
The mixture was 

The prec ip i to te ,  
aqueous formaldehyde i n  t he  presence of two drops of  pyridine. 
refluxed for  48 hours during which t i m e  a p rec ip i t a t e  formed. 
1.0 g was  recovered by f i l t r a t i o n .  An infrared spectrum i s  shown i n  Figure 7. 

C .  Reaction w i t h  Toluene-2,~-Diisocyanate 

To two grams of  the tetraamide i n  xylene was added 2 molar equiva- 
l e n t s  o f  t he  diisocyanate. 
after f i l t r a t i o n ,  proved t o  be an insoluble so l id  t h a t  did not melt a t  300°C. 
No o ther  product was  recovered f r o m  t h i s  reaction. 

A prec ip i ta te  formed during t h e  addition which, 
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m e  following breakdown shows the  cumulative m a n  hours expended t o  da'ce: 

T h r o u g h  
December January February 

Pr inc ipa l  Invest igator  
Department Director 
Senior Chemist 
Technician 
Analytical  Chemist 
Analytical  Technician 

150 171 231. 
54 64 76 

1136 1372 1678 
1664 1792 2332 

4 25 45 
6 17 20 

TROGRAM PLANNING CHART 

Attached i s  the  current planning chart .  Dark areas represent work 
accomplished. 

ANTICIPATED WORK 

Products of t h e  react ion of [@PN(NHCHa)]4 with [$PNC1]4 w i l l  be studied. 

Reactions of [@PN(NH2)l4 and heavy metals w i l l  be studied as a means of  
preparing ladder ty-pe polymers. 

The chloroform soluble product, r e su l t i ng  from t h e  react ion of PMDA 
w i t h  t h e  tetraamide, will be used  to prepare higher rnol~cular weight 
polymers. 
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